Abstract: The present paper investigates the efficiency of the Polish banking industry between 1998-2000. Our preferred methodology is Data Envelopment Analysis, which allows us to distinguish between cost, allocative, technical, pure technical, and scale efficiency.
Introduction
There has been an ongoing debate as to the role of foreign banks in Poland. Since 1993 foreign banks were limited to greenfield operations or taking over distressed institutions.
The initial ideological stance of the government was to keep the banking industry "national", because foreign capital was regarded as hostile to "national interests" (Balcerowicz and Bratkowski (2001)). As EU aspirations developed and bank privatization got under way, the restrictions on foreign bank entry and participation in the privatization process were repealed.
The banking market was opened for two reasons: (1) to enhance the access to international capital markets, and (2) to bring skills, modern technology and experience of foreign banks.
Most of foreign investors set up business in Poland by establishing subsidiaries, rather than branches. This organizational form allowed them to engage in a wide range of activities and at the same time made them subject to Polish banking supervision. At the end of 2001 foreign banks accounted for 80.2% and 69.2% of capital and total assets of the whole Polish banking sector, respectively (National Bank of Poland (2002a)).
The literature regarding the presence of foreign banks points to a number of benefits and costs. Foreign banks have a distinct advantage of better output quality; they have no burden of bad loans and posses more advanced screening and monitoring technology, especially relative to emerging markets. Contrary to developed markets where foreign banks have difficulties in making inroads into retail market, inefficient banking markets of developing countries offer numerous opportunities for foreign banks to become heavily involved in both deposit taking and consumer lending (Clarke et al. (2001) ). Even though foreign banks might take a passive role and profit from high margins in developing countries, the prevailing experience has been that they spur competition and render the banking sector more efficient (Wagner and Iakova (2001) ).
Foreign banks have also certain disadvantages while venturing into risky developing markets. They lack knowledge of the local market and, thus, they might face higher labor costs in order to overcome large informational disadvantages. They might also be confronted with higher costs of funds, since they have to rely on purchased funds rather than deposits raised through a network of branches that takes time to develop (Isik and Hassan (2002) ).
Foreign banks might also be more prone to sacrifice profitability for market penetration.
The literature on bank efficiency and the role of foreign banks is dominated by studies about the US, and to a smaller degree European, banking industries (Berger and Humphrey (1997) ). Efficiency studies have found that foreign banks in the US exhibit lower efficiency in comparison with domestic banks. The research on emerging markets lags far behind. The results, however, indicate that foreign banks in these countries succeed to exploit their comparative advantages and show higher efficiency than their domestically owned counterparts (Isik and Hassan (2002) ; Hasan and Marton (2000) ; Bhattacharyya et al. (1997) ).
One of the proposed explanations is that foreign banks enter developing and developed countries for different reasons. In particular, foreign banks do not just follow their customers into developing markets, but seem genuinely interested in exploiting local opportunities (Clarke et al. (2001) ).
There have been only a few studies on Polish banking efficiency. Grigorian and Manole (2002) employ Data Envelopment Analysis and find that Polish banks increased their efficiency between 1995 . Opiela (2001 makes the assumption that the efficiency of Polish banks does not change throughout the analyzed period of 1997-1998 and, thus, applies the Distribution Free approach. The study finds that foreign banks exhibit higher efficiency than domestic ones.
In the present paper we analyze the efficiency of the Polish banking industry between 1998-2000 with the emphasis on the domestic versus foreign banks debate. Our paper differs from the previous studies on Polish banking efficiency in a few respects. First of all, our sample covers 95% of the total banking assets between 1998-2000, which makes it the most comprehensive database on the Polish banking system 1 for this period. Second, we employ a number of parametric and non-parametric tests to investigate whether domestic and foreign banks come from the same population. Third, our methodology allows us to distinguish five levels of efficiency, such as cost, allocative (regulatory), technical (managerial), pure technical, and scale. Then we take our investigation a step further and attempt to find determinants of efficiency and, therefore, measure the effect of bank size, organizational structure (domestic or foreign, publicly traded or not), and other bank characteristics (capitalization, overhead costs per employee, assets growth, and assets quality).
The paper is structured in the following way. Section 2 describes the evolving role of foreign banks on the Polish banking market. In Section 3 we present a survey of the existing literature on the efficiency of banking industries in emerging markets. Section 4 explains the methodology used in the study, namely Data Envelopment Analysis. Section 5 presents the data and Section 6 provides empirical results of the investigation. Finally, Section 7 draws some conclusions.
Evolving role of foreign banks in the Polish banking industry
Since the fall of communism the Polish banking market has gone through three stages 2 . The first stage of the transition between 1989-1992 was characterized by a very liberal licensing policy. This has spawned a number of new small private banks. During this stage not only was it easy for foreign banks to enter, but it was even encouraged by offering them a number of incentives, such as tax holidays or permission to keep the equity in hard currency. Even though most foreign investors were reluctant to venture into the risky Polish market, some reputable banks followed their clients to Poland and established subsidiaries (Creditanstalt, Citibank) or opened branches (ING Bank N.V. and Societe Generale). During this period the scope of activities of foreign banks was limited to servicing foreign enterprises and they were not considered as competition for domestic banks.
[ Table 1 around here]
The liberal licensing policy was curtailed at the end of 1992. Moreover, conditional licensing was applied to foreign banks, meaning that a foreign bank could obtain a license only after agreeing to rehabilitate a distressed Polish bank. The privatization process started in 1993. Even though foreign investors were allowed to participate, they were entitled only to minority shares. The State Treasury usually retained the largest equity share and the government usually played an active role in the governance of privatized banks, making the privatization process of those years for the most part incomplete (Abarbanell and Bonin (1997) ). During the next few years there was a strong political will that the banking system should remain national. In 1994 the government worked out a plan, according to which four out of six 100% state-owned institutions were asked to merge. After long discussions and the opposition of bank managers the result of this endeavor was the formation of PEKAO Group 3 .
The decisive factor for the development of the Polish banking sector was the signing of the association agreement with the European Union and becoming a member of the 
Previous empirical findings
Cost efficiency literature is growing very fast, but the vast majority of studies cover the US and other developed countries (for a good overview see a survey paper by Berger and Humphrey (1997) ; Goddart at al. (2001)). Research about emerging markets is lagging far behind, and, therefore, in this section we try to summarize existing studies on efficiency of banking markets in developing countries. The most extensively studied developing countries are in Asia, where the markets of Thailand (Leightner and Knox Lovell (1998) ), Korea (Gilbert and Wilson (1998) ), Singapore (Rezvanian and Mehdian (2002) ), Pakistan (Hardy and Bonaccorsi di Patti (2001) ), and India (Bhattacharyya et al. (1997) ) were analyzed. The changing environment of Turkey also attracted the attention of researchers (Isik and Hassan (2002) ; Denizer et al. (2000) ). The study of Grigorian and Manole (2002) investigates a number of countries in Central and Eastern Europe and the Commonwealth of Independent
States. Additionally, the banking markets of Hungary (Hasan and Marton (2000) ), Croatia (Kraft and Tirtiroglu (1998) ), Poland (Opiela (2001) ), and Ukraine (Mertens and Urga (2001)) were studied.
Most of the studies agree on the nature of the functions performed by banks and use intermediation approach (Kraft and Tirtiroglu (1998) ; Rezvanian and Mehdian (2002); Isik and Hassan (2002) ). Others try to combine the production and the intermediation approaches by defining purchased funds as output and input (Hasan and Marton (2000) ) or modeling banking technology in two stages, first the production and second the intermediation stage (Denizer et al. (2000) ).
No consensus, however, has been reached about the appropriate estimation (2001)). There are also studies that used both, parametric and non-parametric, approaches to check for the robustness of results (Isik and Hassan (2002) ; Rezvanian and Mehdian (2002) ).
Since banks in emerging markets operate in a very fast changing environment, most of the studies estimated frontiers for each year separately enabling us to see how liberalization and deregulation, which took place in most of the countries of interest, effected the efficiency of the banking sector. When estimation was performed on the panel data, it was due to the limited number of observations during some years (Hardy and Bonaccorsi di Patti (2001) ).
Empirical results for developing countries yield lower levels of efficiency and bigger fluctuations over the years than studies conducted in developed counties. For example in Turkey cost efficiency was 78.2% in 1988 and dropped to 68.5% in 1996 (Isik and Hassan (2002)), in Pakistan the pre-reform period efficiency was 48.5% and climbed to 72.8% in the post-reform period (Hardy and Bonaccorsi di Patti (2001)). Grigorian and Manole (2002) report efficiency in the range of 23.7% in Belarus and 79.9% in the Czech Republic. In general, the figures are significantly lower than the 72% efficiency computed using the same methodology for the US (Berger and Mester (1997) ).
Comparing the efficiency of foreign and domestic banks provides important results.
First of all, some papers test whether foreign and domestic banks come from the same population, in other words whether they operate in the same environment. This is especially important in these types of studies, because it is necessary to determine whether to construct separate or common frontiers for domestic and foreign banks. Parametric and non-parametric tests usually failed to reject the null hypothesis that foreign and domestic banks come from the same population (Isik and Hassan (2002) ; Sathye (2001)). Efficiency studies have found that in the US foreign banks exhibit lower efficiency in comparison with local banks. In studies of emerging markets the opposite is true; foreign banks usually have higher efficiency (Isik and Hassan (2002) ; Hasan and Marton (2000); Bhattacharyya et al. (1997) ).
Methodology
Measuring efficiency has been occupying the minds of researchers and policy makers since it was proven that inefficiency accounted for around 20% of costs in banks from developed countries (Berger and Mester (1997a) ). There is, however, a longstanding debate how to measure it. The cornerstone of the discussion constitutes the problem of choosing the appropriate methodology for constructing an efficient frontier that encompasses best-practice banks, so that consequently other banks could be compared with this efficient benchmark.
Broadly, the existing methodologies can be divided into econometric models (Stochastic Frontier Analysis, Thick Frontier Approach, and Distribution Free Approach) and a linear programming technique (Data Envelopment Analysis).
To measure the efficiency of Polish banks we employ Data Envelopment Analysis (DEA), which was developed by Charnes et al. (1978) . This methodology was used by many recent studies (Isik and Hassan (2002) ; Rezvanian and Mehdian (2002) ; Sathye (2001); Denizer et al. (2000) ) and is considered to be suitable for transition economies (Grigorian and Manole (2002)). Our preference for DEA is driven by many factors. The chief advantage of DEA is that no explicit functional form is imposed on the data and it operates well with assorted sizes of bank institutions. Furthermore, DEA performs well with only a small number of observations. In fact, the number of observations used in our paper exceeds most banking efficiency studies that employ DEA. However, the disadvantage of using this method is its extreme sensitivity to outlying observations; therefore we will perform some sensitivity tests.
In order to measure efficiency we have to decide on the appropriate nature of banking activity. In the banking literature there are two competing theories: the production and intermediation approaches (Sealey and Lindley (1977) ). Assuming that the main function performed by a bank is to intermediate funds between depositors and borrowers at the lowest possible cost, we apply, similar to many other studies, the intermediation approach (Gilbert and Wilson (1998) ; Kraft and Tirtiroglu (1998) ; Rezvanian and Mehdian (2002) ; Isik and Hassan (2002)).
DEA allows us to compute overall cost, technical, allocative, pure technical, and scale efficiency. Technical efficiency (TE) refers to the ability to produce the maximum outputs at a given level of inputs, or ability to use the minimum level of inputs at a given level of outputs.
Allocative efficiency (AE) refers to the ability to select the optimal mix of inputs in light of given prices in order to produce a given level of outputs. The measure of overall cost efficiency (CA) is the product of technical and allocative efficiency. The TE measure can be further decomposed into pure technical efficiency (PTE) and scale efficiency (SE) 4 .
Our next step is to investigate the determinants of efficiency. There are two ways to tackle this issue. First of all, we employ multivariate regression analysis that enables us to detect the net effect of each factor. The caveat of this methodology is that the possible endogeneity of our explanatory variables could bias our results (Berger and Mester (1997) ). In order to compensate for this bias, we run univariate regressions to investigate the effect of each factor separately. However, this method might provide us with significant correlation coefficients that are result of spurious regressions that could be attributed to some third factor.
Acknowledging the drawbacks of both methodologies, we are conservative in our interpretation, and only identify the factors as significant when the coefficients under both methodologies are significant (Berger and Mester (1997) ).
Data
The balance sheet and income statement data for our research is taken from Monitor Polski B, an official publication of the Polish government. Even though we had to omit a few banks due to unavailable data, our sample encompasses approximately 95% of all banking assets for the years 1998-2000, which makes it the most comprehensive database on the Polish banking system. We have chosen the above time span, because the lifting of all legal and political restrictions on foreign banks in early 1998 spurred rapid transformation of the banking industry during this time. The total assets controlled by foreign banks 5 have increased from 16.6% of the total assets in 1998 to 69.5% in 2000.
According to the intermediation approach, we specify two outputs (loans and government bonds) and three inputs (capital, labor and deposits). All variables, with the exception of labor, are measured in thousands of Polish zlotys. Labor is measured in numbers of employees. We have omitted securities holdings that are often treated as output in similar studies, because we consider their amount negligent. Instead we have included government bonds, since their portfolio comprises at times a very significant part of the total assets particularly for small domestic banks. In order to calculate allocative efficiency we have computed prices of our inputs. Price of capital is calculated as depreciation of fixed assets divided by fixed assets. Price of labor is derived by taking the total expenditures on wages, salaries, and employee benefits divided by the number of employees. Price of deposits is arrived at by dividing interest expenses by the total amount of deposits.
[ Table 2 around here] 5 A bank is defined as foreign if more than 50% of its equity is owned by foreign investors. possessed by foreign banks that enables them to distinguish good borrowers.
As it was mentioned before, the theory prescribes that foreign banks have higher costs analyzing the findings of our research, we should keep this bias in mind.
Empirical findings

Results of the efficiency assessment for foreign and domestic banks
To investigate the efficiency of Polish banks we compute cost, allocative, technical, pure technical, and scale efficiency using Data Envelopment Analysis. We assess the efficiency of foreign and domestic banks first relative to their separate and then pooled frontiers.
[ Table 3 around here]
The results of the efficiency measures are presented in Table 3 . The mean efficiency that we find in our investigation is lower than reported in earlier studies on Poland (Grigorian and Manole (2002) ). We attribute this discrepancy to the larger sample of analyzed banks in our paper that includes many small banks. We also analyzed a different time period in our study. It is noteworthy that the mean technical efficiency in Poland is lower than the average 90% efficiency observed in the European Union (European Commission (1997)).
Under both assumptions, common and separate frontier, foreign banks exhibit a higher level of efficiency than domestic banks. The difference though seems to be very high and, therefore, our next step is to determine whether foreign and domestic banks come from the same population. Similar to other studies (Isik and Hassan (2002) (2002)).
[ Table 4 around here]
As it was already mentioned above, foreign banks exhibit significantly higher average cost efficiency (69.50%) than their domestic counterparts (44.27%). In general, we can conclude that foreign banks have succeeded in utilizing their superior technology and expertise, which has offset potential disadvantages of not knowing the local market. The results are in line with other studies that were conducted for emerging markets (Isik and Hassan ( Table 3 show that there is a big room for improvement in allocative efficiency, particularly for domestic banks. High allocative inefficiency could be related to fluctuations in input prices, which leads to management's inability to make long-term decisions. This explanation, however, does not seem to be the only relevant argument for our sample, since there is a large discrepancy between foreign and domestic banks. The plausible reason could be the idle capacity and stuff redundancies of some old, formerly state-owned banks. Even when management recognizes the need to choose a different mix of inputs in light of given prices, it might feel constrained from doing so. For example, management could meet with political and social resistance when making a decision to lay off staff.
Now we split cost efficiency into its allocative and technical components. Figures in
During the observed period of 1998-2000 the efficiency of banks, both domestic and foreign, has not only not improved, but has even deteriorated on average. From Table 3 it is evident that efficiency declined in 1999 by around 8% and 7% for domestic and foreign banks, respectively. This was the year of accelerating privatization and restructuring, which involved 25% of banking assets. This process could have imposed additional costs.
There are a few more plausible explanations for the declining efficiency in Poland.
The banks in Poland are operating in an environment of high demand for banking products 6 as a result of the "catching up" effect after the years of suppressed consumption. The inflated demand could have permitted inefficient banks to continue to survive. Moreover, the capital market is underdeveloped and companies do not have access to alternative sources of finance, which minimizes the threat of disintermediation (Isik and Hassan (2002) ).
Another explanation for the failure of Polish banks to improve efficiency could be the rapid growth of certain types of loans and an exacerbated bad loan problem. During the analyzed period the structure of assets has undergone a drastic change. Previous easy sources of income, such as Treasury bonds and loans to blue-chip companies, have been exhausted. 
The results of the regression investigation of the determinants of cost efficiency
In order to investigate the determinants of cost efficiency we employ uni-and multivariate regression analysis. Due to the limited nature of our dependent variable, we employ Tobit to estimate the multivariate model. The findings are presented in Table 5 with white heteroscedastic errors.
[ Table 5 around here]
We examine the effect of three groups of factors on efficiency. First of all, we want to determine how banks' size influence the efficiency. Bank size is measured by the amount of total assets. The second group of independent variables should capture the influence of different institutional aspects. Thus, we include two dummies in order to capture the impact of ownership and public listing on the Warsaw Stock Exchange. Among the third group of factors there are various bank characteristics, such as capitalization, overhead costs per employee, assets quality measured by provisions/loans, and assets growth.
The size of a bank measured by total assets has a negative effect on allocative efficiency. The large size of a bank might have a positive impact, such as a higher chance of attracting talented management (Hasan and Marton (2000) ). On the other hand, large banks might be perceived as "too big to fail", which could lead to moral hazard behavior. In our study we find support for the latter hypothesis. Negative coefficients in Table 5 show that as banks grow larger they are still able to control their costs. The result could also be due to the lack of competition in villages and small towns. In Poland a few large banks dominate rural areas; for example, a quarter of deposits are concentrated in one bank, PKO, which is also the main provider of liquidity to the interbank market (National Bank of Poland (2002b)).
The results pertaining to publicly traded banks suggest that the Polish capital market exerts no discipline over bank management to increase efficiency. The market discipline hypothesis implies that banks whose shares are publicly traded should exhibit higher efficiency. We observe a negative impact of public listing on technical efficiency. This could also be due to the fact that stock markets respond more strongly to profit measures rather than cost efficiencies (Chu and Lim (1998) ) 7 .
We have already established earlier that foreign banks exhibit higher efficiency than domestic banks and, thus, we believed to find a strong positive relationship between foreign bank dummy and efficiency measures. Although, we do find strongly significant univariate coefficients, they are not backed by the multivariate regression results. Thus, they must be attributed to some other factors, such as better portfolio quality, higher productivity of staff, or more advanced technology.
Now we turn to the analysis of bank characteristics and their influence on efficiency.
As can be seen from Table 5 , better capitalized banks enjoy a higher level of allocative efficiency. This finding is in line with other recent studies and is consistent with the moral hazard hypothesis suggesting that managers of distressed banks more often pursue their own objectives and gamble on bank resurrection (Grigorian and Manole (2002) ).
High overhead costs seem to pay off. At first glance this finding sounds counterintuitive, because managers always talk about shedding labor and cutting operating 7 To verify this conjecture we run the same regression but with return on assets (ROA) as our dependent variable. In line with our predictions publicly traded banks enjoy significantly higher profits. The results are available from the author upon request.
costs. On the other hand, as suggested in other articles (Sathye (2001) ) more professional management might require higher remuneration and, thus, highly significant positive correlation with all measures of efficiency is natural. Curiously if we add the number of employees as an explanatory variable, it has a significantly negative effect on all efficiency measures 8 . Overstaffing of domestic banks in middle income countries in comparison to high income countries was previously documented by Claessens et al. (2001) .
We have also included into our analysis the variable that shows the growth of assets.
Contrary to our expectations, fast asset growth has not hindered the ability of management to control costs. The finding means that fast growth does not explain why Polish banks have not improved their efficiency during the observed period.
While performing our investigation we treated loans as homogenous with respect to risk. We were forced to make such an assumption because we could not correct our model for risk without a thorough investigation of the causes of bad loans (Berger and DeYoung (1997) ). If a bank has a poor quality loan portfolio, this should entail additional costs associated with monitoring and enforcement of loan repayment. The significant negative coefficient of the provisions/loans variable gives support to the above prediction. A better ability of banks to select reliable borrowers might also contribute to a higher share of loans in their portfolios. Our analysis yields positive coefficients between the loans/assets variable and cost and allocative efficiency.
Conclusions
In the present paper we investigate the efficiency of Polish banks during the period of 1998-2000. The preferred DEA methodology has allowed us to distinguish between five different types of efficiency, such as cost, allocative, technical, pure technical, and scale.
Additionally, we perform a number of parametric and non-parametric tests to test whether foreign and domestic banks come from the same population. Finally, we employ univariate and multivariate regression analysis in order to detect the determinants of banking efficiency in Poland.
The tests performed reject the null hypothesis that all banks come from the same population. Thus, all our results are reported under the assumption of separate efficiency frontiers for foreign and domestic banks. Over the years of the study, we find that average efficiency was 44.62% and 69.70% for domestic and foreign banks, respectively. Foreign banks exhibit higher productivity of their inputs (technical efficiency) and are superior in choosing the right mix of inputs in light of given prices (allocative efficiency).
The efficiency of the banking system has not improved over the analyzed period. The plausible explanation for this could be the high demand for banking services and fast growth of banking assets. Even though the subsequent analysis shows that banks that experienced the fastest rates of growth succeeded in controlling costs, remaining unsatisfied demand for banking products explains why inefficient banks continue to function. Moreover, the year when the decline in efficiency took place, 1999, was the year of accelerating privatization and the restructuring process that imposed additional costs on banks.
The investigation of the determinants of Polish banking efficiency has led us to very interesting conclusions. The size of a bank has a negative effect on allocative efficiency, suggesting that large banks are more prone to sacrifice efficiency to other objectives, such as risk aversion. Thus, it is necessary to foster competition in rural areas and small towns, where nowadays only a few large banks dominate. Our study has found little influence of organizational forms or governance variables. The higher efficiency of foreign banks should be attributed to other bank characteristics rather than solely to the foreign ownership. The most important and positive factor explaining deviations in efficiency is the remuneration of employees. This is the only variable that is highly significant across all efficiency measures and different methodologies. Our investigation reveals that foreign banks employ less but better remunerated staff than their domestic counterparts. Another significant determinant is the better quality of portfolios. In this respect foreign banks have a distinct advantage, since they were not facing the burden of bad loans, and their superior knowledge of risk management systems allowed them to keep the risk of their loan portfolios in check. This also explains why foreign banks were able to have a higher ratio of loans to total assets. 1989-2001 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2) Prices of inputs are defined as overhead expenses, depreciation expenses, and interest expenses divided by number of employees, fixed assets, and deposits, respectively. 
